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This rocket has been the 
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basic Russian satellite , 
launcher from the time of — 
Sputnik 1 to the present hatch 
day. This version was used 

Russian space to carry the manned craft 


launchings are Vostok into orbit. 
made from the 
Baikonur Cosmo- 
drome, in Asia 
near the Aral Sea. 










This is the 
Russian spelling 
of Vostok. 

























Four RD-107 

thrust chambers 

give each Final rocket 
booster a stage which put 





the Vostok space- 


maximum 
craft into orbit 


thrust of 
102,000 kg. 
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vo 5 
section to booster. 


The four boosters 
separate from the 
main rocket soon 
after the launch. 


The boosters are 
fuelled with 
liquid oxygen 
and kerosene. 


Central RD-108 
engine gives a 
thrust of 96,000 kg. 
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On the cover: 50 years from now, {a 


two spacecraft take off from 
Rhea, one of Saturn’s moons. 
On this page: Pioneer 10 flies by 
Jupiter, biggest of the Sun’s 
planets, in 1973. 


THE EXPERIMENTS 


Here is a checklist of the equipment you will need f 
experiments and things to do included in this book Or the 


General equipment 


Notebook and pencil 

Rule or tape-measure 

Sticky tape 

Glue 

Scissors 

Watch 

Rubber bands 

Paper-clips, used matchsticks 
Sheet of thin card 


Special experiments 


Action and reaction (p. 4): 
Sausage-shaped balloons 
Thin wire (fuse-wire is ideal) 
Nylon fishing-line or thread 


Air expansion (p. 6): 

Some small balloons 
Narrow-necked glass bottle 
Bucket and cloth 


Satellite orbits (p. 11): 
Ballpoint pen case 
Plasticine 

Fishing-line or thread 


Heat insulation (p. 13): 
Polystyrene ceiling tile 
Two ice-cubes 


Space Shuttle glider 
Balsa wood, craft knife a 
balsa cement OR stiff pa 
scissors and tape iji 


Mars Roving Vehicle 

Two plastic bottles aA: 
up liquid bottles are ideal) s 
Polystyrene foam 

Stiff wire 

Ballpoint pen case 

Four necklace-beads 


Rotating space station (p. 26). 
Three plastic bottles = 
Thick wire 

Glass or plastic necklace-beads 
Two small balsawood blocks 
54 cm. length of thick card 
Model astronaut 


WEIGHTS AND MERSUAES| 


All the weights and measures used in this book are metric. 
This list gives some equivalents in imperial measures. 


cm. = centimetres 
(1 inch = 2.54 cm.) 


m. = metres 

(1 yard = 0.91 m.) 

km. = kilometres 

(1 mile = 1.6 km.) 

k.p.h. = kilometres per hour 
(1,000 m.p.h. = 1,609 k.p.h.) 


sq. km. = square kilometres 
(I square mile = 2.59 sq. km.) 


kg. = kilograms 
(1 stone = 6.35 kg.) 


A tonne is 1,000 kg. 
(1 ton = 1.02 tonnes) 


kg./sq. cm. = kilograms per 
square centimetre , 2 
(1 pound per square inch = 
0.07 kg./sq. cm.) 
1 litre is 1.76 pints 

C = degrees Centigrade 
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SPACEFLIGHT 





| ABOUT THiS BOGK 


Spaceflight is about the exploration of mankind’s new 
frontier. In simple language and with more than a hundred 
full-colour illustrations, it tells the story of the Space 

Age from the V-2 rocket to the present day and beyond. 






It explains how rockets work and why satellites stay in 
orbit. You will find out about the dangers of travelling 
through space and what astronauts can do to overcome them. 
There are detailed descriptions of America’s re-usable 
Space Shuttle, and of how an industrial base may look when 
men finally settle on the Moon. 


Spaceflight also includes lots of projects and things to 
do. There are safe and easy experiments involving such 
principles as heat insulation and the expansion and 
contraction of air, and you will learn how to make working 


models of a revolving space station and a Mars Roving Vehicle. 
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COUNTENTS 


The rocket engine 

Ball of life 

Dawn of the Space Age 
Into orbit 

Dangers of space 

What astronauts wear 
Servants in the sky 

The Space Shuttle 1: 
How it works 

The Space Shuttle 2: 
Workhorse of the 1980s 
Into the depths of space 
Driving on another world 
Space stations 
Moonbase 

Space firsts/facts/words 
First flights 
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-one knows who invented the 
er Perhaps the Chinese 
have the best claim. They are 
said to have shot ‘fire-arrows 
at invading Mongols in AD 1232 
at the Battle of K’ai-Fung-Fu. 

For the next five centuries, 
rockets were used chiefly as 
fireworks but sometimes also 

ons. 7 
a> An Englishman called William 
Congreve made improved solid- 
fuel rockets around 1800, but 
the big step did not come 
until the start of the 20th 


century when the Russian 
ai Tsiolkovsky suggested observing the flash through a 


the use of liquid propellants. telescope when it hit the Moon. 


Action, reaction and rocket racers 


å Dr. Robert H. Goddard (1882- 

1945) did extensive research with 

solid and liquid fuels. In 1920 he 
roposed sending a rocket loaded 


L COMBUSTION CHAMBER 





arg oe 


FUEL OXIDIZER REACTION 





AThe burning liquids produce a 
powerful exhaust, which expands 
backwards through a nozzle. The 
action of the exhaust causes a 


AA liquid fuel rocket has a fuel 
and an oxidizer, which are fed to 
the combustion chamber by gas 
pressure or, more often, by 
pumps. They ignite there. The | 
oxidizer is needed to provide oxygen, in the opposite direction that 
without which nothing can burn. drives the rocket forward. 





MAKE SURE HOOKS 
ARE PLACED 
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HOLD THE NECK WHILE | 
YOU STICK THE HOOKS ON 













å Blow up a balloon and seal the 
end with tape. Fix the two hooks 
carefully to it, making sure they 
are in a straight line with one 
another and with the balloon. Ease 
the tape off the neck and let the 
air out slowly. 


4 Attach one end of the fishing- 
line firmly to a wall or door. 
Stretch the line across the room, 
and tie or tape the other end to 

a chair-back or wall fitting. The 
line should be taut and should 
slope downwards a little. 


4 








with flash powder to the Moon, and 









reaction of equal pressure pushing 


—— 








AIt was Goddard who lau 

world’s first ligiiid-propells ne 
rocket, in March 1926. Fuelled With 
liquid oxygen and gasoline, it was 
in the air for just 24 seconds, 
covering a distance of 56 m. at an 
average speed of 103 k.p.h. 


INTO HOOK 


4 BEND ENDS 
SHAPES 


A This experiment is a quick and 
simple way of demonstrating the 
principle of action and reaction. 
You will need a few sausage-shaped 
balloons, some thin wire, and a 
length of nylon fishing-line or 
thread. Bend the wire as shown. 


ABlow up the balloon again. 
Hold the neck firmly. Hook the 
balloon over the line, then let 

go and watch it speed forward. 
With several lines and a packet 
of balloons, you can have rocket- 
races with your friends. 





Europe's Ariane L3S 


Taw — — ⸗ ⸗ 


The Ariane is a three-stage launch 


rocket that is 47.6 m. long and 


fuelled. It is being built by the 


It will enable European 
countries to place satellites of 


(its protective 
Belgium and hydrogen propellants. covering) 
is blown in half by 
Denmark explosives 110 km. up. 
S Second stage separates Inter-stage fairing protects 
rance at a height of 110 third-stage exhaust nozzle. 
km., about 300 km. 
Italy downrange from the 
launching-pad. 
Netherlands 
Explosive charges fire 
Spain to separate the stages. 
Small rocket motors I ) 
= then push them apart The y 
— Sweden First stage separates diagram at © 
= 43 km. up. J right shows 
Switzerland the second- 


United Kingdom 


A re 
| TBARS 


West Germany 
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Tail fins Ife Y 
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A new unmanned rocket launcher — 


that weighs 202 tonnes when fully 


member-countries of the European 
Space Agency (ESA) listed below. 


about 750 kg. into orbit 35,880 
km. above the equator. The launch 
base is at Kourou in French Guiana. 









Fuel tank 


i Technician 
to 
scale 
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Many kinds of satellite 
can be carried. This one 
is for relaying tele- 
vision programmes and 
telephone calls. 


The nose fairing—a 
streamlined covering— 
protects the payload 
from air friction as the 
rocket climbs through 
the atmosphere. 
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The third stage contains 
one HM-7 rocket engine, 
fuelled by liquid oxygen 







a Payload’s ‘shroud’ 































stage 

propulsion 
Inter-stage 2 single 
fairing form. 








Oxidizer pipe 










Pivot 

allows 
engine 
to swing 
from side 


Oxidizer tank to side. / 














Flexible joints | 






How Ariane’s engines work 






The engines in Ariane’s first and 
second stages use propellants 
which catch fire as soon as they 
mix. The propellants in stage 
three are different. They have to. 
be fired by an igniter in the 
combustion chamber. 

The rocket is steered by 
changing the direction of the 
exhaust jets. 









Combustion 
chamber 
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pALL OF LIFE 


nitrogen (78%) and oxygen 


me the Sun 
Planet Earth, our T (21%). It — ar 
In spaco pe Sun “4 Carag * — alterations 
travel around fa hours 56 night. Temper Seni the 
rotates once every 23 r years cause movements nae th 
minutes. These are * 5 — experiments below s she 
and days. Oceans or y constant int erchange 0 


between sea and land is the main 


irc surface, a 
tenths of its $ 
cause of changes 1n the weather. 


always covered by ice. 
The ail we breathe 1s mainly 


d our 
ine planets revolve aroun 
Si. closest being Mercury and 
the farthest Pluto. Earth is the 


TP only one with an atmosphere that 
i can support human life. Water, 
A Neptune vital to us, would either boil or 


freeze on the other planets. 





Uranus 


N 
* 
\ 


Saturn 








v M 


Jupiter 
Earth 


Venus é 
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Mercury 





















: . STRETCH SMALL 
Expanding and BALLOON OVER NECK 


a contracting air 


The Earth’s layer of air is 
thin. Just 10 km. from the 
surface there is already too 
little of it for men to 
survive. Manned spaceflight 
is only possible because man 
has learned how to take air 
into space with him. 

gašes, and like all gases it 





expands when heated and AThis experiment with a bottle ANow fill a sink or bucket with 
contracts when cooled. and a balloon shows how air hot water, and stand the bottle in 
Movements of air in the expands when heated. Cool the it. As the air in the bottle heats 
— create our wveather. J bottle hy running cold water over up, it will expand upwar d into 
owadays satellites are used to f it, then stretch the balloon balloon, blowing it up. Take * | 
keep watch on this (see p. 16). tightly over its neck. It will bottle out of the bucket, and the i 
dangle loosely, empty of air. balloon will slowly go limp 98%” 


Farth’s air layer is very thin— 
relatively thinner than the peel 
of an orange. At sea level it 
exerts a pressure of 1.03 kg. per 
sq. cm., but it gets less higher 

up, where it gradually fades away 
into airless space. Three-quarters 
of the mass of air lies below the 
level of Mt. Everest’s summit. 


Most 

meteors p" 

burn up 

bere 

i * 
e—Cirrus clouds . 
— 
— me 
e——Cumulus clouds > 
Cte 
1 Í 
km. 25km. | / 
50 km. . l 
100 km. 
Stratosphere Ozone layer 
shields us 
from 
us 

ultra-violet 
radiation 
from space. 





AYou can reverse the experiment 
by first pouring hot (NOT boiling) 
water into the bottle. Leave it to 
stand for a minute while the air 
inside warms up, then empty it. 
Stretch the balloon by blowing it 
up a couple of times. 


Aurora Low 
Borealis manned 
(in the spacecraft 
Northern orbit 
Hemisphere 


Ionosphere 
reflects 
radio 


Signals 500 km. 


back to 
Earth. 


Inner Van Allen 


Space Shuttle’s radiation belt 
operational orbits (see p. 12) 
range from 160 km. 

to 960 km. up 
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Exosphere 1,000 km. 
1,500 km. 


STRETCH BALLOON 
OVEK NECK 





AFasten the balloon over the 
bottle’s neck. As the hot air in 
the bottle cools down, it will 
contract, causing low pressure 
inside the bottle. There is now 
higher pressure outside the 
bottle than inside. 


AIR TURNS BALLOON 
D y| INSIDE-OUT // 


G E 


AThe higher pressure outside 
pushes the balloon down into the 
bottle. In pressurized spacecraft, 
the higher pressure inside presses 
out against the crafts’ sides 
towards airless space. So they need 
strong hulls to keep the pressure in. 
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The big advances that made 
space travel possible were made 
in Germany in the 1930S anc 
’40s. After experimenting with 
liquid-fuel rockets with the 
Society for Space Travel in the 
late 1920s, a young enthusiast 
called Wernher von Braun took 
his ideas to the Army. 

Within a few years improved 
rockets were being fired in 
secret from Griefswalder Oie, 
an island off Germany’s Baltic 
coast (see map below). This 
then led to the creation of the 
big rocket research station at 
Peenemiinde, where the V-2 
weapon was developed. 


DAWN GF THE SPACE AGE 



























Germany’s V-2 The 
‘Vengeance’ weapon was comet ad 
the first big liquid- me ained one 
fuel missile. About igh of * 
5,500 were launched — sive 
during the last year wath — * 
Crashin 


of World War 2, of 
which 1,600 fell on 
Antwerp and 1,115 ON 
Britain. Most of the 
rest failed in flight. 
Shackles he 
unfuelled — 
while it was bein 
transported. Befo 
launching at Wee re 
raised upright on 
the launch table 
and fuelled from 
tanker wagons, 



















The V-2’s fuel tank i 
2,744 litres of a — E 
ethyl alcohol and water, Th 
oxidizer tank held 4,504 litre 
of liquid oxygen. At full i 
thrust, the rocket consumed 
135 litres of propellant a second 


V-2 batteries were 
hidden among trees 
and bushes and scattered 
around the countryside 
to foil Allied bombers. 
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The Meillerwagen (pronounced 
milervargen) was the trailer 
that brought the V-2 to 

the launch-site and erected 

it ready for launching. 
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aA Russian schoolteacher called 
Konstantin Tsiolkovsky worked out 
that rockets would travel in 
airless space- Although he never 

a rocket, he drew up designs 
in 1903 for a spaceship powered by 
liquid oxygen and liquid hydrogen. 


å Wernher von Braun went to the 
USA after World War 2. There 

he led the team that launched 
America’s first successful artificial 
satellite, Explorer 1. He 

also developed the Saturn rockets 
that took astronauts to the Moon.. 






















A London-bound V-2 
blasts off. About 

500 of the missiles — | 
fell on the city. 


The V-2’s launching 
was controlled by 
the missile site 
commander from 
this armoured 
vehicle. 


4 Sergei Korolev was a pioneer of 
Russian rocketry in the 1930s. He 
later developed the rockets which 


world’s first spaceman, into orbit. 
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Tow truck for 
Meillerwagen 


— 
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AA big step was taken as early 

as 1949, when a small WAC- 
Corporal rocket was launched from 
the nose of a V-2 high above White 
Sands Proving Ground, New Mexico. 
It reached a record height of 393 

km. and a speed of 8,286 k.p.h. 





A Russian scientists rocketed dogs 
into space in the 1950s to find out 
more about space travel. Laika, 


put Sputnik 1 and Yuri Gagarin, the shown in the picture above, was sent 


into orbit in 1957. 


i 


Von Braun’s team also built 
two experimental missiles 
called A4gbs, designed to 
glide for up to 750 km. The 
A4b was shelved in 1944, to 
make way for the V-2. 





INTO ORBIT 


On October 4, 1957, Russia 
shook the world by launching 
the first artificial satellite, 
Sputnik 1. 

American scientists had 
already made plans to la 
their own satellite during the 
International Geophysical Year 
(1957-58). But their first 
attempt failed when the 
Vanguard rocket toppled over 
on the launching-pad and burs 
into flames. 

Von Braun’s Army team was 
called in. Its four-stage 
Juno 1 rocket put Explorer 1 
into orbit on February 1, 1958. 
The ‘space race’ had begun. 


Stage rockets 


all needed multi-stage rockets to 


dropped off to make the craft 


as the propellants they were 
fuelled with were used up. 

The illustration (right) shows 
the launching of the three-stage 
Saturn 5. ' 

The stages speed the payload 
up into orbit or into deep space. 


Vostok 


=- L ‘ø "i a 


The manned spacecraft shown below 


send them into space. Each one had 
two or more propulsion units, which 


lighter and more efficient as soon 
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D Cm, 
ae 
A The instrument i 
James Van Allen of? ed by D: 
weight/of a large man. It was for Explorer | incly dea. Univers; 
little‘more than an orbiting radio _ counter which leq tó th a Beige, ty 
transmitter, with long ‘whip’ of the Earth’s radiation Overy 
aerials. It circled the Earth (see p. 12). The satellite belts 
for 92 days, then burned up. in orbit for 12 years. | °“2Y¢d 
<<—__ eb 
Third stage carr; 
SX the payload into space 
K Ñ Second stage burns out 


— and drops away, 


> First stage burns out, and drops away. 
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Take-off. First 
stage at full Fr 
power. 
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To understand how a satellite 
s’ into orbit, imagine a gun 
goes hells from the peak of a 

oy ‘mountain. The speed at which 
— shells are fired carries them 
short way, then the force of 
gravity pulls them to the ground. 


Centrifugal force 


A satellite in orbit is exactly 
balanced between two forces 
pulling in opposite directions. 
One is the Earth’s gravity, 
which pulls it downwards. The 
other, which pulls it outwards 
towards deep space, is called 
centrifugal force. The size of 
this depends on the speed at 
which the satellite is moving. 
Because the forces are 
equally balanced, a change in 
either one will swing the 
satellite out of orbit—unless 
the other force changes too. 
The pull of gravity is 
stronger the closer the 
satellite is to the Earth. This 
means that satellites near the 
Earth have to orbit faster than 
those farther out for their 
centrifugal force to balance 
the stronger pull of gravity, 


Satellite speeds 
Distance from Orbital speed 


ASuppose the gun is powerful 
enough to fire a shell halfway 
round the world. Gravity still 
acts on the shell, stopping it 
from flying off into space. It 
finally falls back to Earth once 
it begins to slow down. 




































FISHING 10 GR. a D 
LINE BALL 


A You can make a model satellite 
with some plasticine, a ballpoint 
pen case, some fishing-line or 
thread, and two paper-clips. Split 
the plasticine into two lumps, one 
five times heavier than the other. 


BALL MOVES 


Earth (in km.) (in k.p.h.) OUTWARDS 
160 27,950 

800 26,650 

16,000 eE TS, 

35,880 11,070 


(At this distance and speed, a 
satellite seems to stand still 
over a fixed point on Earth. It 
is called synchronous orbit.) 


AThe small ball will swing out, 
pulling the big ball up. The 
outward pull of the small ball is 
its centrifugal force. For a satel- 
lite, this must exactly balance 
gravity if it is to stay in orbit. 


620 


382,000 3 
(This is the Moon’s orbit.) 











ATo go into orbit, the shell would 
have to travel very fast indeed— 
at about 29,000 k.p.h. if it were 

100 km. up. Gravity would still try 
to pull it down. But at that speed 
the outward pull of centrifugal 
force balances gravity exactly. 





A Thread the line through the pen 
case. Tie paper-clips to each end, 
and push one clip into each ball of 
plasticine. Holding the pen case 
upright with the small ball on top, 
swing the case fast in a circle. 


= 
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AHold the case steady. As the 
small ball slows down, its centri- 
fugal force lessens and it moves 
back towards the case—like a 
used-up satellite spiralling back 
to Earth out of orbit. 
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BALL MOVES 
INWARDS 


II 


Radio-active particles of so) 
caught in the magnetosphere ; 
into zones around the Earth’, Bather 
equator. The zones are kios. 

as the Van Allen Belts after n 
man who discovered them the 


The magnetosphere is 
the area of the 
magnetic field of 


the Earth, which 

acts as a natural 

magnet, attracting atomic 
particles of solar 

wind. The magneto- 
sphere is shaped like 

a tear-drop with the 

blunt end facing the Sun. 


Meteoroid 


Bumper 


Spacecraft 
hull 


~ Bumper 


absorbs 
most of 


meteoroid’s — 
impact + 2a Be e 
bo | a — Storm cellar 


å Spacecr i i 

— — * — g 4 Meteoroid shields also give A Astronauts on long voyages 

skin or meteoroid bumper Wh - boning = —— the Sun's could avoid dangerous radiation 

— — —X — Skylab’s astronauts had when solar flares erupt by 

the outer shield takes the hes fE -+ — to keep getting into a ‘storm cellar’. 

— — aia cool after its shield Inside they would be proteeted 
was torn off during the launch. by radiation-proof walls. 





Solar wind is the name 
given to the constant 
stream of atomic 
particles thrown out in 

f all directions by the 
Sun. The wind is i 
especially strong atter 
Sis flares. The 
particles travel fast, 
reaching the magneto- 
sphere at almost 1,000 
km. per second. 


Panel —— a 
off by n — i N 
explosion 


Service 
module 


4An explosion partly crippled 
Apollo 13 when she was 330,000 
km. from Earth. Mission control 
AE EAE E ETT 
sent instructions by radio. The 
astronauts got back safely. 


Solar flares are 
violent outbursts on 
the Sun, often (but 
not always) linked 
to sunspots. Usually 
they flare up and 
subside within 
minutes, but some- 
times break out again 
` In repeated displays 
lasting several hours. 
They emit radiation 
which can be dangerous 
to space travellers. 


Sunspots are dark dots 
on the face of the Sun. 
They are cooler than the 
rest of the Sun, just 

as the dark parts of a 
fire are cooler than 

the flames. They last 
for a few months at 
most. There is a period 
once every II.I years in 
which more of them appear 
than at other times. 


A Spacecraft unprotected from 
air friction would burn up as 
they re-entered the Earth’s 
atmosphere at speeds of up to 
40,000 k.p.h. Thick heatshields 


are needed to prevent this. 








Keeping cool in space 


SHADOW 
TEMPERATURE 





Alt is lethally hot in space in 

the glare of the Sun’s rays, and 
unbearably cold in the shadows. To 
prevent astronauts from freezing 
or burning, spacecraft must be 
protected by insulating materials. 
Polystyrene is one that is used. 


CUT EDGES STRAIGHT 


ATest polystyrene for yourself 
like this. Make a box as shown 
above from a ceiling-tile (you 

can buy these at do-it-yourself 
shops). Glue the base and sides 
together with polystyrene cement. 
You will also need two ice-cubes. 


ICE CUBES <p ref 


BOX -> 





APut one cube in the box and put 
the lid on. Leave the other in the 


open. Now wait for them to melt. 
You will find that the insulated 
cube will melt much the more 
slowly, as it is shielded by the 
polystyrene from outside heat. 


WHAT ASTRONAUTS WEAR 


Man cannot step into airless 
space without the protection of 
a spacesuit. It wraps him in 

his own protective atmosphere, 
gives him oxygen to breathe, 
and keeps his body under 
pressure. Without these he 
would die. — 

The Apollo moonsuit (right) 
held oxygen in a backpack that 
kept the suit’s pressure at 
0.27 kg./sq.cm. Though it 
looked cumbersome, the suit was 
flexible enough for the wearer 
to walk, jump and bend. Beneath 
it, the astronaut wore a 
cooling. garment in which water 
circulated in plastic tubes. 





A Wiley Post, who in 1933 became 
the first man to fly solo around 

the world, was also a pioneer of 
pressure-suit development. His 
experience helped his sponsors, 
Lockheed Aircraft, to develop an 
experimental pressure-cabin plane. 





4 The first moonsuit was designed 
in 1948 by Harry Ross of the 
British Interplanetary Society. It 
had a backpack oxygen supply, 
flexible joints and thick-soled 
boots. A silvered cape was draped 
behind it for temperature control. 
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Fibreglass 
backpack 
contains air 
supply and 


cooling 
system 


Radio 
unit 


Suit air- 
pressure 
gauge 


Liquid- 
cooled 
under- 
wear 










Emergency oxygen tank 
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Pocket for 
rock samples 


Outer 
padded 
oversuit to 
protect 
astronaut 
from any 
micro- 
meteoroid 
hits 





Pressure- 
tight 
inner 

suit 








rubber. 






Lunar 
overshoe 


















next— 
wry in space? 


—— acesuits how will 
: F each other apart? 
they he Moon the Apollo 17 

os paut Eugene Cernan (right) 
ator coloured armband for 
* lton on television 
ess e astronauts aliso 
sreeas: n games on their suits. 
bad rure astronauts may wear 

Fois and numbers showing 
sym ney are and what they do. 
who knights of old they may 

rk out their own brand of 
—** Here are a few ideas. 
* invent some more. 


symbols for the job... 


pilot 






Compasses Earth/Moon globes Star Aliant Sightglass 








Technician ool Vioonminer 
Spanner Meter gauge Screwdriver Spade Rock drill 


...and how they might look on the backpack and helmet 


Technician Se Communications 
Grade I chief K | 





Se 









, They also relay televisié 


programmes anemia 


ge surface. 
— 
A D T 


gS Landsat’s systems can map more 
than 161 million sq. km. a week. xl 











SERVANTS IN THE AY 


Every day artificial 
satellites are helping to 
improve living conditions on 
Earth. They help us keep 
watch on weather changes and 
storms. They enable men to 
locate deposits of minerals, 
oil and natural gas. 
They form a global 
of communicatiog 
of them the agBrrt 





MAROTS a 
E 










Main body amatai aaa. 
jet controls and a 
combined radio re i 
and transmitter called 
a transponder. 









wry 


ecause 


er of inter- 

















More than 50 million in 1974. 


= 








LANDSAT 
Sensory ring i 8& 
cameras ther —e o— ‘Butterfly’ go) 
panels open our 


ments for 
— ollecting data in space. 
> about the Earth’s generate pan 
tricity from «, 
light for the ram 
Satellite’s 


power needs, 





oo satellites 


— 









MA 
y Satellite te 
y relays messages X 
between ships 
and shore. 







a 





A Besides locating have 
many uses—for AMAROTS is s — 
Stic instance, they can show for Mariae Oroiini Test — ile —— 
of pollution and give — — eek aky. T Satelitet is uzeo navigate accurate fin 
warning of drought, Blighted J Ponce bo Tink shina to snore all weathers, and help ty 
— and forest fires. bine black, healthy i ph pa spdicen also control the movement of 
<n istance flights. 
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ls 
ed solar pane 
Counted on booms 

generate electricity- 


Dish-like nine-metre- 
wide reflector 

antenna opens up like 
an umbrella in space. 


e—ATS 6 broadcasts programme 
» all over India. 





å Satellites can be used 
to educate people in 
out-of-the-way places. 
A powerful satellite 
stationed 35,880 km. 
above East Africa has 
been used to broadcast 


educational programmes 
beamed up from a trans- 
mitter in Ahmedabad 

to 5,000 towns and villages 
in India. Each of them 


- had its own dish 


aerial and TV set. 


Delicate 
covered oe 
foil (calle 
* Mylar) to protect 
i> them from theese 
Suns heri 


~with solar cells. 





with gold 
oe 


antennae 
retransmit 
Signals 
received from 
ground station 
back to earth. 











Surface is covered 


Drum contains a 
transponder, gas- 
jet controls, and 
a small rocket 
motor for 
adjusting the 
satellite’s 

orbit. 


— 


Drum spins to keep steady 
like a spinning-top. 
L Communications satellites 


North 
America 










South 
America 


To Intelsat 


4A 


A Many parts of the above the Atlantic, 3 
world are now linked by Pacific and Indian 

telephone, telegraph Oceans. One Intelsat 

and television by 4A satellite can relay 

satellites that keep 12 colour television 

pace with the Earth's programmes or over 

rotation 35,880 km. 6,000 telephone calls. 
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— — 
The Shuttle blasts off 
| on a typical mission 
| from Cape Canaveral, 





















Florida. The orbiter’s | 

three engines and the 3) 

two rocket boosters all 

fire togethér to speed The boosters parachute into 

it up to 1.4 km. a second. the ocean for recovery and 
re-use. They are picked up 
by a recovery ship. 










The Space Shuttle is designed 
to cut the cost of space travel 
by making it more like normal 
aircraft flight. Unlike earlier 
launch rockets which fell to 
destruction, the major parts of 
the Shuttle—the orbiter, or 
spaceplane, and rocket boosters— 
can be recovered and re-used. 
The crew consists of a pilot 
and co-pilot, and one or more 
mission specialists. When it 
carries the four-person 
European Spacelab (see p. 20), 
the orbiter becomes a 
miniature space station. 







L Build your own 
Space Shuttle glider 





This model is an exact 1:200 
scale replica of the aerospace 
plane of the 1980s. Trace it 

off the plan on p. 19. You 

can make it from stiff paper, 
using adhesive tape to stick 

the parts together, or from 
balsa wood, using balsa cement. 


ASSEMBLE 
THE MODEL 


(A THIS 












A Once you have fitted the 
; four parts into place, weight 
the model with two or three 
paper-clips. Slide them onto 
the nose just over the wings. 























A300 Airbus 













NOTE 


TAPE BOTH ANGLE 


Shuttle 


















f SIDES, ABOVE 
l.m, AND BELOW 
THE WING å Now test the model. Ha | 
A From the nose of the external on make sure that Pi * — 
oe e ne ebir N rare mese to one another. Tip the outer 
same length as ips Airbu a the INTO PLACE levons to the angle shown 4 
s jetliner., SIEVO 
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ae ae : px — r y * ey a * s í f — Pe AT Å 4 4 $ est 
À K h:5 . ar — EWE A RE fre tata, Bin ie BA + — A 
| Len : | The spaceplane gi ides 
eth of orbiter: 7 m. | It lands on a 4,570-metre down to baseat = 
Length of external tank: 46.8 m. runway at 346 k.p.h. | about 550 k.p.h. 


After being serviced, it 
can be ready for another 
Cargo bay: 18.3 m. x 4.6 m. flight, with a new 
payload, within two weeks. S 


Orbiter’s wing-span: 23.8 m. 















Maximum payload: 29,484 kg. 





Lift-off weight: 1,990,000 kg. 
— 


Scale plans for the THE SPACE SHUTTLE will 
Rockwell International BE WHITE , BUT YoU CAN 
Space Shuttle orbiter DECORATE YOUR MODEL 
Scale 1:200 ue lg ANY COLOUR YOU LIKE 


= MA seras ease ‘sf, =D M r 
. = a | k 


t 


/ 





L CUT To THICKNESS OF CARD 
HNES. SCRE ALL P -WING SUDES INTO SUT, 
DOTTED UNES, THIS 1S A HALE-PLAN. PENCIL 
Hn THE SHAPE ONTO TRACING PALER, 
* TURN THE PAPER OVER TO TRACE 








RONT PAR — oF THE OTHE SIDE, 
IN — 
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THE SPAL 





ill have fully equipped n. ee 
he Spare Sa M anhe an The world’s — aoe 
military uses. It will deliver, will be aah: * being developed 
service and retrieve satellites the See * countries. 
of all kinds, and will be able b sie lier Russian an 
to handle several different —— splice stations that 
n. 
ee tot payloads were abandoned in space, t * 
Spacelab will return to Eart 


i its cargo ba RU N 
will be unmanned, go bay each time it is used. 


| 
| 


E SHUTTLE 2: WORKRUHSE GFT 


ed manned laboratory. PS 





will be big enough to carry a 
A Astronauts who have to 


Nose-cap 
protects 
against 
1,260 C 
re-entry 
heat. 


The brickwork effect 
is caused by heat q 
insulation tiles 
fixed to the outside 
of the orbiter. 


Flight-testing your Shuttle glider 


Flat 


SHUTTLE SHOULD 


GUDE FLAT & FAST 


Renee pol pony For a right turn, keep the 
sad down. It should gore frame I, 
—— If it does shown above. Twi r k as 

e elevons. to the right st the rudder 





A e 
a ; 
E he A = - ~ m pa 
PEL. * 
ae , =. - | 
en —,, u Bee | 
— a —X 


a crippled orbiter could hope don 





he crew— 
An IBM computer Flight-deck houses t carried to safety in NASA) 
der, pilot, and one ‘ A’s 8c. 
navigates and a eom a mielo * cialis i. Personal Rescue Enclosure ` cm, 





controls the 
plane. The human 
pilot acts as a 
‘checker’ most 

of the time. 


Tunnel links 
living quarters 
to Spacelab. 
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The fully-pressurized Spacelab | 
is 4.17 m. in diameter—big | 
enough for four people to work | 
in shirt-sleeve comfort. It | 
allows scientists to work under | 
weightless conditions in orbit. | 


Hatch leads to mid-section living 
uarters and to flight-deck. The 
mid-section has four sleep bays 
(the crew take turns to sleep), toilet 
and washing spaces, and galleys 
with food and water. 


OUTER ELEVONS 


Simply reverse the con T pi j 
for a left-hand turn. The 
rudder should point to the 


left, and the starboard inner 
elevon should be down. 








huttle launch,si 
— 





This microwave 
radar scanner, 
used for studying 
the ionosphere 


Two orbital manoeuvring 
engines—one on each 
side of the tail— 
both give 2,722 kg. 
maximum thrust. 
They are used to 
move the space- 
plane into, 
during, and 









r 


Vandenberg —* P. 7); out of 
ypical of 
. Air Force Base the scientific * orbit. 
payloads r 







å Kennedy Space Center will be 
used for launchings into equatorial 
orbit. Vandenberg will launch 
Shuttles going into polar orbit. 


Pallet 

on which 
scientific 
instruments 
are mounted. 














The wings’ leading 


to stand temperatures 
of up to 1,570 C 
during re-entry into 
Earth’s atmosphere. 


T 


ALL ELEVONS 
TILTED UP 


Throw the glider hard with 
all elevons tilted up. This 
will pull the nose up, dis- 
turbing the airflow over the 
wings and causing a stall. 


the orbite 


y 
will * | 








(front) edges are designed 
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Main undercarriage 
retracted into bay 
in the wing 





The three main rocket engines 
each give 213,190 kg. maximum 
thrust. They burn for eight 
minutes after the launch, and 
can be used §5 times before 
being overhauled. 


bs Gliding back to Vandenberg 
ABOUT 2 m. LONG 


PER 


PA 
PAINT ON SHEETS 
CENTRELINE TAPED * 
MARKINGS TOGETHER 


You can make a paper runway 
like the one shown above, 

and have landing competitions 
with your friends. Launch 

the gliders from about 4 m. 





away. They should make soft, 
straight landings—like 

real spaceplanes returning 

to Vandenberg Air Force Base 
from missions in polar orbit. 


n 


Spacemen may not 
Moon this century, but robot 
craft are increasing our 
knowledge of other planets by 
leaps and bounds. Not only are 
they cheaper to build than 
manned ships; they can also be 
abandoned if they break down. 
We can fly to the Moon in 
three days, but reaching the 
planets is much more difficult. 
Interplanetary spacecraft must 


swing right round the Sun. They 


can only be launched when the 
planets themselves are in the 
right positions in their orbits. 
Journeys of this sort last for 
months or even years. 





go beyond the 


Flight of Viking — 


A AIl the planets shown 
been visited by space probes. 


Americ z 
craft to fly past Venus, In 1962. 


Mariner 9 looked at M 
and Mariner 
its way from 





å Before Russia’s Venera 9 and 





‘ * “es 1. -Asteroid-pelt. X jee Sn = 


above have 


a’s Mariner 2 was the first 


ars from orbit, in 1987 on its way to the 
10 passed Mercury on Stars 
Venus in 1974. Pioneer 


INTO THE DEPTHS Lit SPACE 


lu 
upiter 


10 and 11 both swun 

giant planet Jupiter bene the 

departing on different Sal 

first will leave the Soja; — e 
Stem 

Pioneer I1 will rea 
c 
ringed planet Saturn — 


edged rocks, the second (above) a 


AThe photographs that Mariner 10 


took of Mercury show a Moon-like view showing rocks that looked lik 
e 


10 swung into orbit around Venus in 
huge pancakes. The surface 


world of craters, mountains and 


1975, they sent landing capsules 


valleys. The planet has a diameter through its thick carbon dioxide 


of 4,828 km. and spins very slowly. 
ramic picture by television to 


atmosphere. Each one sent a pano- 


It is baked by the Sun by day and 
is freezing cold at night. 





AAs photographed by Pioneer 10, 
Jupiter stands out like a huge 
coloured ball with yellow-orange 
and blue-grey bands, and a bright 
orange-red ‘spot’ big enough to 
swallow several Earths. The planet 


seems to be mostly liquid hydrogen. 
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Earth. The first showed sharp - 


Venera Io 


A Pioneer 10 flew within 130,360 
km. of Jupiter in December 1973, 
after an eighteen-month journey. 
It confirmed that the planet has 
powerful radiation belts, many 
thousand times stronger than the 
Earth’s Van Allen Belts. Venera 9 


temperature was far above the 
melting point of lead, and the 
atmospheric pressure 90 to 100 
times that of Earth. 


and 10 were identical. They sent 
the first pictures from the 
fiercely hot surface of Venus. 
Mariner 10 made a grand tour of 
the inner Solar System in 1973-74 
On its way it photographed the 
Earth, Moon, Venus and Mercury: 


g The Viking 
Q | mission to Mars 






Moon 





Deimos * 


Phobos + Mars 


le 
c 6,400 12,800 km. 


— —— —— 


—— — 





<A The diagram (left) shows the 
Earth and Moon to scale with Mars 
and its two tiny moons, Phobos and 
Deimos. When Mariner 9 went into 
orbit around Mars in late 1971, 
dust storms raged on its surface. 
When the dust cleared, the craft’s 


Mars 1976: Viking’s landing sequence 





Z 


11 months 
after take-off 


from Earth, After rocket 





the orbiting } 
mothercraft ene the 
releases the 
lander. The — into 
entire landing Martian 
sequence 

takes about atmosphere, 


protected by 
a heatshield 
called the 
aeroshell. 


10 minutes. 








Mechanical scoop with 
retractable arm digs 


When the lander is about 
5,790 m. above Mars, 
dropping at roughly 900 
k.p.h., the aeroshell is 
discarded and a parachute 
opens. 


is then dropping at a 
a of 233 k.p.h. Braking 
allow the vehicle to 
soft-land at 9.6 k.p.h. 





Dish antenna transmits 
information to Earth. 


One of three 
landing rockets 


sọil samples for the 
biological laboratory, 





ae 


Computer-controlled 
w 2 laboratory tests the 
soil for signs of life. 


The parachute is jettisoned ~Q 


about 1,400 m. up. Viking —— After touchdown, 


7 3 a ap 


v a gaga 


cameras revealed mountains, 
canyons, and features looking like 
dried-up river beds. Nix Olympica 
(above), the highest known peak in 
the Solar System, rears 24 km. 
above a flat plain. Its lava covers 
an area more than 1,000 km. across. 


Sy 
S 
=> 


speed the lander’s 
rockets A cameras send 
~~, pictures to Earth 
~~ by television. 
* 5 Sample and 
ay meteorological 
booms extend, 
\/ instruments send 
the data to Earth 
receiving stations. 
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DARIWING ON ANOTHER WORLD 


Two Mars Excursion 
When astronauts eventually land Modules (MEMs), each 










Build a Mare 












on Mars, they will want to ag three astro- 
explore farther afield than Grits cad ove hal? Roving Veh; 

they can go on foot. They will of the Mars Rover. Icle Top 
need transport for the search ) \ 
for minerals and for ice or “kK 

permafrost, which could be a 

source of water and oxygen. C ? 


The future Mars Roving 
Vehicle may well look like the -~ 
one shown here, which; 3 a, 
developmente fdha overs ii — 


alre 10 Vet — 
eg — 


Dd WASHING-up BEAD Wr, 
on LIQUID BOTTLE Š HOLE 
IT 





ES. AES À You will n 
ja pressurized — card, a litt’ 
ag rubber band, some — a 
empty ballpoint pen — an 


beads with holes through ho four 
m, 


ee 5 SHARP RIGHT. 
— BENDS To THE 
WIRE 








P4 
a 


BEAD 


A Holding the band taut 
bottle-top and then a beiak 
the wire. Fit the top back on the 
neck. Bend the wire to the shape 
shown above, and fit a second bead 
onto its trailing end. 


g Testing trials 














N Foam STRIPS A 
ALift the body off again, and 
> wind up the driving-wheel wire 
0 ctadded § about 50 times. Replace the 


Each body, then test your MRY. If it 
skids, you can glue two foam 
strips around the driving-wheel. 













Construction note 
The Sizes of 
vary, so 





measurements. Your MRY can be 
any size you like, but the 
proportions of its parts should 

be as shown in frame 8 below. 


Plastic bottles 
we cannot give exact 

























RUBBER 
BAND 


HOLE CUT 
K STorreR PUSH RUBBER 


< 


OFF BAND INTO 


BOTTOM 


e a hole in the exact centre AUse the matchsti ‘ f , 
r — A of one bottle. Ease rubber band —— — ——— 


> 
— = oe ee -~ 


a Sda K s nearly all tnside tha bettie, Mecs of Hire about one-and-a-half 
stopper, ee a s “te E i Tae its end around the matchstick. bend one end of it into a hook. 
rubber ban Soe WO ape the matchstick to the bottom Pass the hook through the bottle’s 
hirds as long as the bottle. of the bottle. i 


neck and catch the band’s loose end. 


6 Making the body 7 Rear wheels 3 The finished MRV 










































f CARD N 
—9 ee rave BALL POT CARD OF Œ DSC oT Deve BEAP keng 
coed PEN CASE DISC Pouystyeene PFENCASE = WHEEL WHEELS 
WHEEL TO FOAM 
REST IN 
AMake the body section fromthe A Make each wheel by glueingtwo AFit the driving-wheel into the 
other plastic bottle by cutting a card discs cut to the same size body, with the trailing bead midway y 
circular section into which the around a small square of poly- between the two sets of wheels. 3 
first bottle can fit (see above). styrene foam. Pierce centre holes. Decorate the top of the MRV with X 
Cut holes for rear axle, and slide Attach to the body with wire a model TV camera and radio aerial i; 
ballpoint pen case through them. through the pen case, as shown. cut out of card. < 
LO Obstacle course for MRVs 36 
— a CARD FLOOR TILES fe 
OVER WHEELS OW SHIRT 
l CARPET — 
Ap — 
Y A —— (eS k > OY N nae, ~~ 
Qe 77 . K i — i, Wiz NO >. biri Ihia: * Bene. . 
AY i i | like the one shown above. of two of the discs. Then slide 
Aee will affect the iss way of making it go better them over the — — one 
performance of your MRV. The wide over rough surfaces is to put on each side of the body. —— a 
driving-wheel works well on smooth giant card discs over all the small hole in the peno . 
floors, for instance, but not on wheels. Cut a hole of the same other two, then attach them to the 


Carpets. Test it over an obstacle width as the bottle in the centre rear axle wire with pliers. 
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Make your ow 


tion works in the 
he Mars Rover 
use its 


The space sta 
same way as t 
(see p. 24). You can re- 
driving-w 


stiff card fins to the base to 
make the station stand securely. & 


SLIDER 


ON EXACT 


CENTRE 
OF ARM 


Cut a slider out of postcard 

to the dimensions shown. Bend 
the edges over. Wind the arm 
up, and put the slider on its 
exact centre. Let the arm spin. 
The slider will stay in place. 


heel if you want. Tape 





The station rev 
minute to simu 


6 | ° ill — ⸗ 


~ 


n rotating space station 





THICK CARD ARM 
gå-cem. x 3m. 


| 


HOLE 
IN — 
G — BALSA BLOCK 


2em. DEEP 


Cut an arm out of thick card to 
the size shown. Punch a hole in 
its exact centre. Glue two balsa 


blocks, as shown, to the two 
ends. Make a small hole through 


the centre of each block. 


B CENTRIFUGAL 
E Ia 


Try it again with the slider 
a little off-centre. As the 
arm speeds up, it will move 
away from the centre hole. 
This outward momentum is 
called centrifugal force. 





olves 3-5 times a 
late Earth gravity. 





Space Shuttle orbite 
carries supplies to j 
the station from thẹ Lift 








Earth. * 
pEr i 








Crew of 50 walk 
(es on vertical ‘walla 
held fast by * 
centrifugal force. 


Unbend the power wire, and 
poke it through the hole in the 
centre of the arm. Bend it down 
and tape it firmly to the arm. 
Wind the arm up a few turns to 
test that it rotates freely. 


MODEL 
ASTRONAUT 


Wind the arm up again. This 
time put a plastic model 
astronaut in one tub, balancing 
the other tub with plasticine. 


Let the arm speed up gently, 
as in frame 6. 









a en $ ⸗ 
ee dd 
Tr 

| all | J in shielded pod — 
IG TE 


Framework ` ` station with ° 
extending from electrical power. 
the end of the 
Station supports | 
the power pl Solar 

j Kens \ @ cell panel 






Nuclear reactor | 

























of the central core 
part still in Space, * 
X ` visiting spacecra t 
tha dock easily and 
Oe alee 
* ps are in this 
É 


—* station. Docking arm 
y 






PUSH WIRE 
THROUGH 
HOLES 


/ 
PUNCH HOLES i 
ACROSS THE P 
WIRE TUB 


Cut the bottoms off two empty ™ To fasten the tubs to the 

lastic bottles—transparent 34 balsa blocks, thread the wires 
ones if possible. Punch two through the holes as shown 
small holes in them, as shown. {: Then twist the ends over the 
Cut two lengths of wire, about | rims of the tubs. Check that 
1} times the width of the tubs. the tubs can swing freely. 


ASTRONAUT SHOULP 
STAY STANDING 


The tub will swivel up until m © You can do the same trick with .§ Because Skylab did not rotate, 


it is level with the arm. Yet i almost anything. Try it with there was no force to hold 
wa because of centrifugal force | 6C Water. Fill the two tubs about things in it down. They 
ey the astronaut will remain on half full. Make sure there are _§ floated weightlessly. But in 
his feet—like those in the My no leaks. Take care that the one that rotated, astronauts 
Space station shown above. arm speeds up at a steady rate. $f could even have baths! 





MGGNBASt 


When astronauts return to the 
Moon, it will be to set up 4 
colony. An ideal site would be 
near the Leibnitz Mountains 
(see map below) at the south 
pole where the Sun never sets. 
Scientists and moonmuners 
will live and work inside 
pressurized shelters. There 
will be solar furnaces for 
smelting lunar ore; and solar 
cell ‘farms’ will be used to 
make electricity from sunlight. 
This is how Man’s space 
frontier might look in your 
lifetime. After the moonbase, 
the next step will be the 
planets, and perhaps the stars. 


Apollo 
landing 
sites 


A Twelve men have walked on 
the Moon—two each at the six 
Apollo landing sites shown 
above. The last manned mission 
was in December 1972. No new 
ones are planned at present. 


Astronaut using 
rocket backpack 
for quick 
journeys in low 
gravity —one- 
sixth of Earth’s 


Departing 
bound for 
Earth Orbit 


Hydroponics dome. Fresh 
vegetables grow here, using 
special liquid in place of soil. 
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Many years before the Space 


Age began, men had drawn plans 


of man-carrying rockets. _ 

In r881 Nikolai Kibalchich, 
a Russian revolutionary 
sentenced to death by the Tsar, 
sketched a design for a flying 
platform propelled by gun- 
powder cartridges fed 
continuously into a rocket 
chamber. The chamber 
could be pivoted to steer 
the rocket. 

The same steering idea 
is used in rockets like the 
Ariane (see p. 5) today. 





1903 

Konstantin Tsiolkovsky was the 
first man to suggest using 
liquid-fuel rockets. 


March 16, 1926 

Robert H. Goddard launched the 
world’s first liquid-fuel rocket 
at Auburn, Massachusetts, in 

the USA. It flew for 56 m. 


October 3, 1942 

First successful launching of 

a V-2 rocket at Peenemiinde. It 
flew for 190 km. 


October 4, 1957 

Russia launched Sputnik 1, the 
world’s first artificial 

satellite. 


November 3, 1957 
A dog called Laika was the 


first living thing to go into 
orbit, in Sputnik 2. 


February 1, 1958 
The first American satellite, 

Explorer 1, was launched from 
Cape Canaveral. 


SPACE FIRSTS 


⸗ GUY 





April 12, 1961 

Russian cosmonaut Yuri Gagarin 
became the first man to orbit 

the Earth, in Vostok 1. 


Ma 1961 

Alan Shepard was the first 
American to enter space when 
he made a sub-orbital flight 
in Freedom 7. 


February 20, 1962 

John Glenn was the first US 
astronaut to orbit the Earth, 
in the spacecraft Friendship 7. 


June 16, 1963 

Valentina Tereshkova of the 
USSR became the first woman to 
go into orbit, in Vostok 6. 


March 18, 1965 

Cosmonaut Alexei Leonov made 
the first space walk. He spent 

a total of 20 minutes outside 
Voshkod 2. 


January 27, 1967 

Virgil Grissom, Edward White and 
Roger Chaffee died in a fire on 

the Kennedy Space Centre launch 
pad. They were the first (and so 
far the only) casualties of the 
American space programme. 


April 24, 1967 

Vladimir Komarov was the first 
Russian cosmonaut known to have 
died on a mission when Soyuz 1’s 
landing parachute tangled. 


July 20, 1969 

The Apollo 11 astronauts Neil 
Armstrong and Edwin Aldrin were 
the first men to land on the 

Moon. 





April 19, 1971 

Russia launches the 18.5-tonne 
Salyut 1, the world’s first 
man-carrying space station. 


Yuri Gagarin 





















SPACE FACTS 


One of the most ama; . 
about the coming of the gUB 
Age was the speed with whi * 
arrived. Only 27 years Pas * 
between the V-2’s first fli * 
and the landing of manned ' 
spacecraft on the Moon 
Man’s knowledge of 5 
grown mn as fast. H 
some of the odder fa 
and theories to have — 
of the years of discovery, n 


pace has 
ere are 


Because there is no wind or 
rain on the Moon to erase t 
the footprints of the Apoll 
astronauts should, if left 
undisturbed, last for millions 
of years. 


hem, 
o 


The most conspicuous features 
of the Earth as seen from space 
are its clouds. A visitor from 
space with eyesight similar to 
a man’s would not see any sign 
of human life until he came 
within 250 km. of the surface. 


When a check was made on April 
30, 1975, it was found that 731 
satellites which provide (or 

once provided) information were 
circling our planet. There were 
also more than 2,600 items of 
space debris—ranging from 
burned-out rocket stages to 

tiny metal fragments. 


Because the gravitational pull 
of the Moon is only one-sixth 

of that of Earth, athletes in a 
pressurized lunar stadium could 
(in theory) jump six times 
higher than they could on Earth. 
They might even be able to strap 
on wings and fly like birds! 


A new type of re-usable space 
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disappear into the 
ra T gace. It carries a 
message plaque bearing drawings 
of a man and a woman and coded 
information about the Earth for 
the benefit of any alien beings 
who may discover it. It should 
reach the neighbourhood of the 
giant star Aldebaran in the 
constellation of Taurus after 
1,700,000 years. 


On July 20, 1969, Houston 
Minion Control put through the 
longest-distance telephone call 
in history. It connected 
Richard Nixon, then President 
| ofthe United States, with the 
first men on the Moon. At the 
time Neil Armstrong and Edwin 
Aldrin were setting up a base 
on the Sea of Tranquillity, 
| some 384,000 km. from Earth. 


The Apollo spacecraft which 
carried astronauts to and from 

_ the Moon had nearly two million 
_ Working parts, A large motor car 
| has less than 3,000. 
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Centrifugal force 
utward movement caused when 
an object moves around another., 
( is in orbit, its 
exactly balanced b 
é y the 
inward pull of gravity. 


Mechanical linking 
more craft in space 


— 
ntrol surfaces on aero 
Spacecraft which can oom” 8 
th as elevators (to make the 
craft climb or dive) or as 
ailerons (to make it bank left 
or right). 


of two or 


A \e —Polar 


orbit 






— pole 


Equatorial orbit 

Orbit around the equator. Polar 
orbit is an orbit which passes 
over the poles. 

F 


airing 
Covering to protect inside parts 
of a rocket or satellite while it 


is passing through the atmosphere. 


Heat insulating materials 
In spaceflight terms, materials 


used to protect parts of spacecraft 


from extremes of heat and cold. 


XE WORDS 


Hydroponics 


ay of growing plants in water 


treated with nourishing chemicals 
instead of in soil. 


Module 
Section of a spacecraft. 
Pallet 


Platform for Carrying research 
instruments. 


Payload 
The useful load launched by a 
rocket into space. 
Permafrost 

¢ part of a planet’s surface 
that is frozen all the time. 
Propellant 
The fuel and oxidizer of a rocket. 
Re-entry 


The return of a spacecraft into 
the Earth’s atmosphere. 





Retro rockets 
Rockets which fire 


on of flight to slow down 
a spacecraft. 


against the 


ry ring 
Base of a satellite or space 
probe used for mounting cameras 
and other sensors—information- 
gathering instruments. 


Soft-landing 


Slow-speed landing, after braking 
by parachute or retro rocket. 


Synchronous orbit 

An orbit in which satellites 
35,880 km. up keep pace with the 
Earth’s i 


turning, staying above a 
fixed point on its surface. 


Thrust chamber 
The combustion chamber of a 


rocket engine, in which fuel and 
oxidizer are burned. 


Zero gravity 

Condition of spaceflight in which 
astronauts and loose objects 
float weightlessly. 


HIRST FLIGHTS 


All these rockets have been 
drawn to the same scale, so 
their sizes can be compared at 
a glance. 

You can see how the Russians 
made their early advances in 
space by launching the first 
Sputniks with a large military 
missile (2)—at a time when 
the Americans were limited to 
the tiny Vanguard (3) and 
Juno I (4). 

Now compare these early 
launchers with the huge Saturn 
§ rocket (10) which the 
Americans later built to send 
the first men to the Moon. 
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Young Scientist books are a new series 
designed to explain in straightforward 
language and dramatic pictures exciting 
scientific topics and concepts. 


Young Scientist Books 


and experiments are used to reinforce 
understanding and stimulate interest. 
Each book is written by an expert in its 
field, working with an outstanding team 


of young illustrators and designers. 





Wherever possible, practical projects 
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Scisiled beginner’s 
guide to the subjsc:, explaining how 
electric charges ars generated and 
controlled and the ways in which we 
make use of them. It makes its points 
with the aid of safe experiments 
involving only dry-cell batteries. 


Electricity is 2 


Spaceflight is about the Earth’s new 
frontier and man’s exploration of it. 
It describes how to make a space 
shuttle glider and a model space 
station. Among the experiments are 
ones involving centrifugal force and 
atmospheric pressure. 


Jets tells the story of high-speed 

flight from the invention of the jet 
engine to projects that are on the 
drawing-board today. It shows you how 
to make a model glider and artificial 
horizon, and includes air compression 
and heat radiation experiments. 
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